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(54) SIUCON SINGLE CRYSTAL WAFER AND ITS PRODUCTION 

(57)Abstract 

PURPOSE: To provide a silicon single crystal wafer having no grownHn defect over 
the entire surface. 

CONSTITUTION: When a silicon single crystal is grown by Czochralski method at a Mj 
pulling rate of V (mm/min) with an average temperature gradient of G (° C/mm) in 
the crystal in the direction of pulling axis over a temperature range from the melting 
point of silicon and 1300° C, the value of V/G is set at 0.20-0.22 mm2/° C.min 
between the center of crystal and a position separated by 30 mm from the outer |$| *^ 

circumference of crystal. The value of V/G is set at 0.20-0.22 mm2/° C.min 
between the position separated by 30mm from the outer circumference of crystal 
and the position on the outer circumference of crystal or it is increased gradually fa 
toward the outer circumference of crystal. Consequently, the OSF ring disappears 
in the center of wafer and no dislocation cluster is generated on the outside of the 
ring. 
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(57) [gifo] 

[ §#0 ^ffitCCrowrv.in^PSCD^C^> L> 3 >#ISft S 

?[#±tfiIg£V (mm/min ) iU ->'J 
=3>SL#>6 1 3 0 0T!*^®fiJKaSBte:fettS5l#± 
^^O^WUS^IBcD^fii^G (°C/mm) 4 

mm^T'©eii©TOi0.2 0-0.2 2mm 2 /*C • 
min iU, ^^6 3 0 mm*T?©fiHlilSfiJ1-« 
&g£<Z>rEBTi£0.2 0— 0.2 2 mm 2 /°C • min 

^Sb<»^a^«tc^^T*yci»»ns-a-s. osf 




20 4JJ 52 

4» & E fi£ ( mm) 

(\A>vi>v>>V4>Vi) Egg] osFD^Jt*** 



(2) 

1 

Hf&-?Z>miC^ 3l*±tfi»e*V (mm/min ) £U 

*±ifW*^ojgartjaa«jBBo^ffl*G cc/m 

m) i-TSi*. V/GjB^ H H a *^{4^iMH^Ml^ 
*E>3 0mm£rO{£§ic£P^rte:0.2"0- 0.2 2 mm 2 
/*C-min il, 8b b b ?FH^6 3 OmmS-COffiliS 
S^fSffi»i©Pa^tt0.2 0-0.2 2 mm 2 /°C - min 

t * i -r s ^> y ^ >sm§s * * - />»js*ffi- 

[0 0 0 1 ] 
[0 0 0 2] 

*B**JSSaKtiil*l. 0*^2.0 mm/min 
[0 0 0 3 ] iC5t. C<OJ:5&CZffiCCj:f5*j|fcO 
fc5/y avUSel-Jx-^B, IK«fb«Hl (m«10 
0 0-1 2 0 0*Cx 1-1 0B9H) *»*fc£SMC, y 
>^K«:»4tSOS F i^iiftaSHbSteWJl^ffi* 

ntfcl S I ODHjgiUi. O S F y >^*s**S 

®, -fftto^l. 0—2.0 mm/min X'^f&Z tltcMMI? 40 

[0 0 04] L,a>0ft#&* CCOcfc^&lBiST'WsSSti 
ftr> y n >#JBS«5 * Ktt««©»/J^IB (JWTCr 
own-ir^BifeT) ^SfiEL, MOSf^-f ^©y- h 
BEf fc BWEWttfcSWb S £ C i jWS ft ^ T # 
tc D cn^OGrcwi-inXftB^WCC®^>-C^^"C 

IfBE»tt*£WCtt < m& y - *«Ftt*3Sfb3 CH 
^6MCf«Cot^c (R^M.Horikawa et al.Semicon 50 
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ductor Silicon 1994, p987) „ 

[0 0 0 5 ] S^L S I f(DMO SSlS^S^ft^ 

lWb«©l6lHBffi»ttoi«±te J: cflj^ y - ^usecd® 

[0 0 0 6 ] *C-C*ifiCcttoT 4 3l#_BfiIJK#0. 8 
mm/min OTO^jE^/cteffiilT^ V 3 >#ISfl** 
^WiS«¥2-2 6 7 1 9 5#&«KC«J:9«* 

[0 0 0 7] 

«6. R(t«»*irS-4*Bi«:J:0. 5IS±tf****fb 
[0 0 0 8 ] 5l#±tfiIS^0. 8—0. 6 mm/min (D*P 

immcDWi'&ic^ mm (a) tc^-r^^t. ->yn> 

^b b b^ * -a©*10 1 /2tt&C o s f y > 

y>y©w§Birt«^ , ra*tt* s »aD. os 
[0009] b , y > ^cfc o ftm<Dm?&-ci±> ^ < 
wittttr*** h ^ ^ ^ ^ js -c«sf $ n **j*«a$«8 ^ 

3B1 0 s {S/cm 3 oafSr«4T4. WRWfflfti* 
[0010] £?cO S F »;>yS«t ^mm- 1 0 m 
« % ^^-A^fclU/cKlO 8 — 10 9 cm' 3 CD 

mc%mx~& o, 1250 •coj^AHirfeisEfir *. se 
or, osf y^^aftfe^vx^cuzxao^FttS: 

[ooi i ] s/y3>*»s«©5i*±«fafl[*o.6^o. 

5mm/nrin KSTStffc^Wt Hi (B) ICjjkT 

cfc^tc, osf y>y©atS3&sjE5c^s<a:0, 



(3) 

3 

^(Dtp&ti&C y >^«*fcttR«KtcO S F*s»4T 
EHSttttfiJi-J-Stf. Wot y > ^JMO^JHWtclE 
10-2 0Mm"C«g3&SfilO s i/cm J flfiTC* 

[0012] Sfc, CZST'f^tl/r>»j3>ffc B a 
^-/UU*, I^f$»q-2X10 18 atoms/ c 
>m 3 .<0?*ST$StiTl^S. ^LT, C©BBR^»BJ<D 10 
fc&Kf^-f ^^'n-fe^-ccDSa^a (WU£6 0 0~- 1 

x ^ n -fe ^ *ic«^-r zm&mmgk* V * * y > & 
[ooi3]osF»;>y<to F*g«o««-r ttKSRwa 

(JHTI Gttit^) )W6ti5% OS-Fy^ 
[0 0 1 4 ] CCDckMC, 5tSitfaftP0.8~0.5m. 

<, y>yort^«c4«B3»J»ar*fcft, iSiiS© 

[0 0.15]—*, 5IS±tfiIfttf0.5mm/nrin HT 

©fiaTT(p«3nfc^*-^tt. hi (o kswj: 

0 S F y >^«««^*-^a>**SP"C?g«L, 
CtiKff t» y > ^'J: D rt«<W^«SSL^^^T*« 30 

I Gtt©i£T©JHHK:aSCitt±iEOteaDr**. 

[0 0 16] JW±0<fc5K. 3Htt©CZffi*CJ:*^y3 

[0017] *»9joawtt, ±wct>fc-oTW«xpi 40 
*sa t^WniiKtt c z ffiw^ov y =2 > juts** * -^fe 

[0018] 

[»itlf»tifc»a)¥a] 4C5T*J8St6B* 

tco s f y >^o«flfeffl§Kcwi L,yw> «fc 5 ttasttvit 

[0019] Bl— ©«itS:W"r*|gaW«ESg«-C», o 

sf y>yosiittao3i*±^aK^«ffi>r^fc 
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<s>3 1 s_Bf agare* oTfeosFy> ^ 0 

L*»U *»*©5l*±tfi«««:V (mm/min ) 4 

u . y =2 1300 "'cs-cosfi^ctew £ 

5l#±^ftt*^©ttaF«3«««]iBO^^|fil*G CC/m 
m) £T4£S. V/Gr**>SnSJ:b«CJ:fJ-OSF y 

»-r4'C4fCJ:0, osf y>y*fflc^tr4ffi«cc* 

[0 0 2 0 ] L*L/tt3&S6 t V/GffiOSWc<fc!)OS 
Fy>^Offt^^*WJSPUrfe»^t«L^R8, se^ 7 
^QGrown-i n5*B £ TftWt 8t4C4ttt*ft 

[0021] *crtt9m&bi*^ftttcm£'rv/ ' 

^niOO, 2 0 0, 3 0 0, 4 OOmm0Sfi§ 

ffi-COSS^^y nXDBuSi U~t, C ft 4 Jtl Bfcfl&M- . 

©fE&Rfl**tWL,fc. ^ft<aa>£«tt±U V/ 

[ 0 0 2 2 ] 0 2 2p6#3&>£J: 5 V/Gfi^0.2 0 
mm 2 /*C • min *$§<D^^ &*ft^$*Ctet>T(Sfi[ 
V/GPo.ZOmm 1 /'C • mi 
n cfct)**<*:Stcatir«U^RBta«8. OSF'J>^ 

(0.2 0 mm 2 /"C • min ) "C$>^3&^ ±B»*Bft*^ 
ittfi^S^^3 OmmST^iaaicOHI'Ctt— 3e (o. 
2 2mm 2 /"C - min ) i{cD, 'fe^H^?>3 0mm 

trcHaattta^JBfiaiioiH'ctt. isji^ws&tis^ 

[0 02 3] Tttto%. *9 h*/->ltai3l*±ftfa 

g^iii, *©*aaia*ssFOj|gfts*i^'cov/ 
GH3WR«oj:5«:i«e3tis. sisi^iiK^v, © 

^©V/Gft»3&s*^»SL^B«i««*««JS* 

isjiaHftrawiBwaB** d . o s f y > 
tw»&is«Bffiro s f y >y#»ft"r4- <t^T3i 
sitfaflE^Vi oJi^i'ji-^^astcosF 
y *ortflfJ©««ccttiwf»sL^B3W*. 
cs. si^itfaa^fST-ratv/Gftattv, . v 



(4) 

5 

«Bitt4V/G3W*ar«C4, fttThBV/GW: 
2,«£rC3>£ 0 10 

[0025] v/Gfttt3&s«T3&$t)ia*©tt, 

Sir g# cpiC* fciWB^fi* 5 ^cisnr tf^T £ /caste 

fec^T^iiiaav/G^arstcfe^to^-r. 

[0026] mz.nvtfiv x cornet* * -^om^m 
swc o s f y > ^ v «oA«^^tkSL^K# 

CCO S F >y**«£U *©WBJ4«lXIB*«ittS 

a*, rt«Kw*»iBLda63&w*'rs. endows 

■C*!3H1 (A) Uifg^T'Sp V#H«IUV 4 KttS 
£ ^ 0 , -/^^frC OSF'Jy U > *©WI!J 

£t&o cftoaai (B) rcffl?!iT**iswja-c*.&. 

V*iJKCBl>V, CCttSi. OSF 0>?itt&«H?m 

ftttBl (C) KtBST*(^WflK-T?**. £/c{gt£, 30 
IS»**«TV/GS:*«*s*DScl»0.2 0-0.2 2 m 
m 2 /•C-nrin &t®®LT£, 6 WtlSCC 

[0 0 2 7 ] COcfcMc, CZffitCcfc*^"; =2>J|M*S 

^ l f# £ v / g#*??£et £ *c e>r, V/G#* 

[0 0 2 8 ] L/^L^c^6, fe L»C, ^SOS^IrJ 40 
tcj;oTte:V/G£E!2 telSSrCTK-T J; 5 ttQt*fl7IrMtt 



#KPP 8-3 3 0 3 1 6 
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[0 0 2 9 ] *^©^ f J a x-^tt, CZ 
ffifc J: o iTtfc $ ft/c ^ U n >#*SS 
MflMbKW* U/cBHc 'J > yttftcft^TSM{tRS«B 
(OSF) 7&S'>x-^Etr*SfTrS«l/?tfi3SW5S'5 

[0 0 3 0 ] S^RWO^i-^lt^ffitt, czi£ 

(mm/min ) ib, '> T ;3>ft^61 3 0 0'CST 

TOiltG CC/min ) £lT&££\ V/GII**S»* 
'MliiifB^a^6 3 0 mm^rcDfigicDrar^O. 
2 0—0.2 2mm 2 /°C ■ min il 4 ifeflWa#>6 3 0 
mm^rofigigB^HfiaiOBI'Ctto. 2 0—0.2 
2mm 2 / e C-min it4^ L < Htf$j|j'f-JStCftd> o 

[0 0 3 1 ] 

*'ttSrffiS^fcflffll«S5 ^ -'vc*>&©-c, OSF 

[0 03 2] £/c, **?BO^*-^SBS^ffi-C«, IS 
B B B^^rV/G1B^^M^©^^^^^ 

tt. 0.2 0mm 2 /"C - min r—5£"C*tK ±Kffl», 
3 0mm«:Bft<a5^tCfeliTtt, 0.2 2 mm 2 
/°C • min 0 , 3 0 mm£T-<Dgp# 

V/G«*ttJl+*^tt{KilSJI^«*&3 0 mmitO 
fiEKiOlfflrttO.2 0— 0.2 2 mm 2 /"C ■ min iL, 
*S»^JH^6 3 0mm*-eCDagi*SBl^ag<hCDPa 
TttO. 2 0-0.2 2mm 2 /-C-nrin iT^>^b<ti 
*Sa^JB^*oT*^»MS1i*CifcJ:i) % OSF 

& t » <£S Wtitt A**ft ens. 
[0 0 3 3 ] — »tcttftrt©«i*ffliaK«JEtt*^WK: 
H«UT^JHW3&s*#t». Chit CZ^MW 

C<h*»6, IlI^M^6^AL//c^^B B B*^?i#± 

ttthSCfC, l»**s»ai3ti*ft:*-C*»J. ^h b b^ 

woMW^^ftiiiftWJ. se^r, ^b b b 
5i*±va«^jaift*«>»*rt©v/Ga>a*rt»ff 

<t5 4CZ jprtt, tp£x»-cV/G«*SH 2 CKMRKKfl 



ft, efi^7x>#«4Tsa«£iiwisfc», isS^ 

^ * * ©»*ttiBW 6 ftfl: 

[0 0 34] l^Ui£&C, *SA;W£4PSfttt:<tr>CZ*F 
ffeS6O^^H«t0fe^C±^tclfiJ^oTSi£ft, 

t^e., jtea*s?&ai3ftcc<i»«®«:WT5czj!Fr io 

tt, V/Gttttfi£frfiJfC--je*\ ^U^^if^U 

Z*3&«JBU floftJl*-D»-CV/Gtt**^l6«i* 
Jc#aE3*r*ftfK. V/G«tt^ft±«K*r^TaR 

SCi^ JSb b bI, 3S«Htt««<Da{fcK:J:oTCZ*Rrt 

©*w^aw»s«^tcaffcr4ciccj:-3T k asanas 

c z j»c*t»T tt % 5 1 9±#m<on&:tc# 5 tSAireffl 
©■«^E©aft«C«fc^TV/Gfflfc*{tU S^tS 

iXiB^fcttSfflcctor^ro^brs (H3#ih) . 
[0 0 3 6 ] fcr t |gA*raffl©^^ffiG©£<bK: 

»Lt, V/<G*s— SOC&SJ:5 0C5l#±tfi$a[V«:|IS 
S-TS (B5#JR) . ?5?2>C£( f C£*)s «t&^« 30 

t-4fw^7-©^i*ftia**A:t3«Jc«C, 

/Gtttt«J#SftS. Cfttt, C©<fc5tt®B*IH(D5l* 

40 

[0 0 3 7 ] 

[jam] aTtc*»9s©sofc«*i»wrs. 

[0 0 3 8] 18". EmiffiRZf*-#>W*&Wat2„ 
ft/c6" *tt»©W«pHIBftCZJP«:tei»r, *Btt©H 
HtcHJS 3 ft7cRf§PK<D# b - 1 itiMt CDffi 

f$5mffi t HPS2 0 0mm©*R«&«Oia»fiBJE 

mom * ?kftzm>&fcfmmc ioti^^u *sa 

?fJSI^e>3 Omm*T6D^«:l*<S|5»CCfcl^T«V/ 50 
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G**«K— J&t\" M-J§^6 3 0 mm^TOWCfcl^ 
«3i-«Ccifii^^rV/G3&s*»«:^r€>J:5Cc 4 JJB 
*fl=*«3EUfc. W-»B**H 3 CcSkT. 0*00, 1 
0 0-7 0 0mmtt*SA3l*±tf*C*5. 
[0 0 3 9 ] ±R*fl=*Rjei,fc«k 1 8 " ESeitittK: 
TO«K^«BV>y3>«r6 5kgAft. #u 
It. ^Sa^y3>^UDiS)Sl, IS^lSOmm 
-c**«fi^ffl*s < l 0 o ) 0*tM*SI»±tfaiX*' 
0.4 5mm/min OiSiiT'S? 1 3 0 Omm^tffSL/ 

/Co 

[0 0 4 0] WStS&OSS^JSStt^IfiJiWtC/SSi. 
5mmT«|DttiL, HFfcj;OTN03 ft>&tt&SBt& 

*80.0 *C/4 hr + 1 0 00t/16hr fEJSBeR* 

H3*©3l#±tf:fiKtttST£. 
[0 0 4 1] S I *±fcfakvi 1 3 0 0 e Ct-C 
O^ B B H f^^^g^I2CD^SG<L0i:bVXG^, &A 

[0 0 4 2] V/GSrCO<fc5«:«lLfcJ|**, ISA h 
? 7*^6 2 0 0 mmSTr©«i^lP]SBfli[^«. tSA^'frff 
f(DV/G^0.2 0mm 2 /°C • nrin *^T"& D , ST? 
^«gfi^7X^^Ml/c 0 2 0 0mmH5 0 
OmmJC^Hrat |£A4M>iS^©V/G#0. 2 2-0. 
2 0 mm 2 / c Omin ifroT**?), ^U0 0mm2 
«r tt*S A 6 4 5 m m t TO««TV/ G #0 . 2 
2— 0.2 0 mm 2 / 6 C • min CCJftJ^Sft, 4 5mm^6 
^o»«rv/G3&$#HK:*ftiL/. cft60ci:DS^ 

^J^V/G3W^Rg«igWK:«iSft/cfc82) % 
fil±HtCO S F y >^^tttfcSL*K^*©fft©W« 
^Grov^-in^ftB^^tiM^ft^^o/c,, 5 0 0 mmjfr 

G#0. 2 2 mm 2 /'C • min £ffi*.?cfc#\ O S F y > 

[0 0 4 3] C^^^S^^^x.^, 05«:S 
■TJ: 5tc. maitKMCcteVi 4 0 0 mmJfi^rcDV/ 

Gaw**A(»*rto*«K:*j^rw3«i/fc. rat? 

^. fS B a B W6 4 5mm^rO[)$I*SrV/G^o.2 2 
—0.2 0 mm 1 / # C • nrin CCjtJ^Sft, 4 5 mm^6^ 
fIijO$I^-CV/G^#^CltlHI-r^<t: 9tc«A##«rc 
<Da«5l#±WaS*a9SEL/ft:. 5l*±frfiiflt*l»<flk 

<1 0 0> , «SAS1 3 0 0mm©*feA*HffiSL/c. 



suss jiSeai tmmoismc .tote <Dm§kft<D%M<DR 
K*»t»-c. osf>;>^ mwnzLxm. ws.*^** 

[0044] 

««: an * fc« sss u , h m m<om mm>ms y 

-^1$tt«r*ftS-&aW»aCrown-inXIB (sSWRSL* 
IS, 0SF'J>^, 6^^7X3?) ft^Btctofc-^T^ 

-ASl^ffiK<t-5tC ©J; 5 &HSo n D ff©C Z 
[0ffi©«*&l&BJ] 

[in c zst-ts ifc-> >; n x - a©x* 
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m2] mam^m^HLmt v/g t ufc 

<h#©P5^©H5<£ (V/GSt) *»«tC^B^W&4mr 
laS-C, V / G ftiR©g[& tfttt 4>££<ca HT Jg» z 

[03] ^#^f5 H B B@^r6]{i^iL^I^V/GiUfc 
i£©jBS#©H9<fc (V/GSriSO *»J:c*fcflWHS**T 
H*-C. V/G tt&l© u^*#KR©^«::BU«-I» 

io [04] ♦satt j 6$tf3pffi-c©^K»**^-r«iciar 

[0 5 ] mtt£J* B B a S:£[Sj{£g£ U«Ef6%V/G t Otc 




[02] 



14] 



V=n.6-UL5min/fflm 
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